Despite established guidelines for HCC screening and surveillance among at-risk individuals, overall persistence of poor utilization of HCC screening
W orldwide, hepatocellular carcinoma (HCC) is the second most common cause of cancer-related deaths for men and women combined.
(1) From 2003 to 2012, deaths from HCC increased at the highest rate of all cancer sites, with the greatest increase seen among individuals born between 1945 and 1965. (2) These observations are partly due to the higher risk of chronic hepatitis C virus (HCV) infection among this 1945-1965 birth cohort and the subsequent higher risk of developing HCV-associated HCC. (3) Despite established guidelines for HCC screening and surveillance among at-risk individuals, overall persistence of poor utilization of HCC screening
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and surveillance contributes to advanced-stage HCC beyond eligibility for potentially curative therapy. (4) (5) (6) (7) (8) (9) However, given the increased awareness and emphasis on HCV screening among the 1945-1965 birth cohort, it is possible that this has also translated into improved rates of HCC screening and surveillance among this group. Furthermore, the 1945-1965 birth cohort represents a large majority of patients with chronic liver disease in the United States, and specifically understanding HCC epidemiology among this group will provide valuable data to improve HCC screening and surveillance programs. Thus, our current study aims to evaluate updated trends in HCC epidemiology among a large national population-based cancer registry, with a focus on tumor stage at diagnosis among the 1945-1965 birth cohort.
Patients and Methods
All adults (age 20 years and older) with HCC from 2004 to 2014 were identified using the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) population-based cancer registry, with data obtained from participating state and regional cancer registries. (10) The 2004-2014 SEER includes data from 18 regions in the United States (San Francisco-Oakland, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle, Utah, Atlanta, San Jose-Monterey, Los Angeles, Alaska Natives, Rural Georgia, California excluding San Francisco/San Jose-Monterey/Los Angeles, Kentucky, Louisiana, New Jersey, and Greater Georgia) and represents approximately 28% of the U.S. population. Data included in the national SEER registry are compiled based on state and regional cancer registries. Cancer data collected by the database registrars are based on available data provided by the clinical providers as well as the health systems and hospitals that are within each registrar's region.
The International Classification of Disease for Oncology, Third Edition, was used by the SEER database to identify HCC. (11) HCC tumor stage was evaluated using SEER historic summary staging as specified in the SEER Coding and Staging Manual; this staging is unique to SEER and is not used particularly for prognosis but to describe the extent of disease. (11) Tumors confined to only one lobe of the liver with or without vascular invasion at the time of diagnosis were defined as localized. Tumors involving more than one lobe through contiguous growth of a single lesion, extension to adjacent structures (gallbladder, diaphragm, or extrahepatic bile ducts), or spread to regional lymph nodes were defined as regional. Metastatic disease or extension of cancer to distant lymph nodes or nearby organs, such as the stomach, pleura, or pancreas, was defined as distant. In addition to SEER HCC staging, we also evaluated tumor characteristics, including size and number of tumors at the time of diagnosis, to determine whether a patient's tumor met Milan criteria (single lesion less than 5 cm or no more than three lesions each less than 3 cm) with no extrahepatic or vascular involvement. (12) Insurance status was evaluated using SEER classifications, which included three categories: Medicare or commercial insurance, Medicaid, and uninsured/no insurance. Medicare or commercial insurance includes patients with private insurance (fee-for-service, managed care, Health Maintenance Organization, Preferred Provider Organization, Tricare) or Medicare (administered through a managed care plan, Medicare with private supplement, or Medicare with supplement, not otherwise specified, and military). administered through managed care plans, Medicare with Medicaid eligibility, and Indian/Public Health Service). Uninsured is defined as those who were either not insured or self-paid at the time of HCC diagnosis. Race/ethnicity-specific comparisons used SEER categories of non-Hispanic white, African American, Asian and Pacific Islander, Native American and Alaskan Native, and Hispanic white (Hispanic). Time-specific trends used year of diagnoses as follows: 2004-2006, 2007-2008, 2009-2010, 2011-2012, and 2013-2014 .
Demographic characteristics of the study cohort were presented as proportions and frequencies. Overall time-specific trends in number of newly diagnosed cases of HCC were stratified by sex and race/ethnicity. Proportion of patients with HCC SEER localized, HCC SEER advanced, HCC within Milan criteria, and HCC outside Milan criteria at diagnosis were also stratified by sex, race/ethnicity, and primary insurance status. Comparison of tumor stage at diagnosis between groups used χ 2 testing. Predictors of HCC tumor stage at diagnosis (probability of SEER localized versus distant and probability of HCC within Milan criteria versus outside Milan) were evaluated using multivariate logistic regression models. Variables selected for inclusion in the multivariate models were determined based on those hypothesized to be clinically significant in affecting tumor stage at diagnosis. Statistical significance was met with a 2-tailed P value of <0.05. All statistical analyses were performed with Stata version 14 (Stata Corp, College Station, TX). The study was reviewed and determined to be exempt by the Alameda Health System Institutional Review Board because human subjects were not involved (as per U.S. Department of Health and Human Services guidelines), and the SEER database is publicly available without individually identifiable private information.
Results
Among 38,045 patients within the 1945-1965 birth cohort diagnosed with HCC in the 2004-2014 SEER registry, 81.62% (n = 31,054) were male individuals. A majority of patients were non-Hispanic white (50.10%, n = 18,995), and 16.21% were African American ( (Fig. 2) . Similar increases in HCC within Milan criteria at diagnosis were observed in all categories when stratified by sex and race/ethnicity; however, the smallest relative percentage increase was observed in male (27.18%) and Hispanic (19.06%) patients. Using SEER-specific HCC staging systems, the proportion of SEER localized-stage HCC at diagnosis among the 1945-1965 birth cohort increased 
FaCtoRs assoCiateD WitH aDVanCeD HCC at Diagnosis
Overall, African Americans had more advanced HCC at presentation compared to other race/ethnic groups. For example, compared to non-Hispanic whites, African Americans were more likely to have SEER distant-stage HCC at diagnosis (20.30% versus 16.15%, P < 0.001) and were more likely to have HCC outside of Milan criteria at diagnosis (63.31% versus 55.44%, P < 0.001) ( Table 2) . When stratified by insurance status, patients with HCC who were uninsured at the time of diagnosis were more likely to have SEER distant-stage HCC and HCC outside of Milan criteria compared to those with Medicare/commercial insurance and compared to those with Medicaid (Table 2) .
On multivariate analyses among the 1945-1965 birth cohort, male individuals with HCC were significantly less likely to be within Milan criteria at diagnosis compared to female individuals (odds ratio Similar trends were observed when evaluating the probability of having SEER localized-stage HCC at diagnosis among the 1945-1965 birth cohort (Table 3) . Male patients were less likely to have SEER localized lesions in comparison to female patients (OR, 0.79; 95% CI, 0.72-0.86; P < 0.001). African Americans were significantly less likely to have SEER localized HCC at diagnosis compared to non-Hispanic whites (OR, 0.77; 95% CI, 0.70-0.85; P < 0.001), whereas Hispanics were more likely to have SEER localized HCC (OR, 1.17; 95% CI, 1.06-1.29; P = 0.002) ( Table 3) . Patients with HCC who were uninsured at the time of diagnosis were significantly less likely to have SEER localized HCC compared to those with Medicare/commercial insurance (OR, 0.40; 95% CI, 0.35-0.46; P < 0.001).
Discussion
Rates of HCC among the 1945-1965 birth cohort have increased in incidence by 58.7% over the past decade and are expected to continue growing over time. (13) Using data from the Centers for Disease Control and Prevention, the National Cancer Institute, and the North American Association of Central Cancer Registries, Ryerson et al. (2) reported that while overall U.S. cancer deaths for men and women combined declined by 1.5% per year from 2003 to 2012, liver cancer incidence rates overall increased sharply, and deaths from liver cancer increased at the highest rates of all cancer sites (mean annual percentage increase of 3.4%). The authors did not specifically evaluate trends in HCC diagnosed among the 1945-1965 birth cohort, and few studies have focused on the national burden of HCC among the 1945-1965 birth cohort. In our current study focusing specifically on the 1945-1965 birth cohort, we report concerning trends in newly diagnosed HCC, with a 5.9% annual increase from 2004 to 2014. However, it is important to note that while the Ryerson study focused on the incidence of HCC deaths, our study focused specifically on the 1945-1965 birth cohort, and our study design did not specifically allow for calculation of HCC incidence. Thus, our measurements are more reflective of changes in HCC prevalence among this group. Our observation of the increasing HCC burden among this 1945-1965 birth cohort likely also reflects the known increasing HCC incidence in the United States as well as the overall aging population of the 1945-1965 cohort, which increases the risk of disease progression to cirrhosis and HCC among those with chronic liver disease. This highlights the continued increasing burden of HCC among this cohort and emphasizes the importance of timely implementation of HCC screening and surveillance among 1945-1965 birth cohort patients at high risk of developing HCC. (13, 14) HCV remains a major driver in the increasing number of registrants and recipients for liver transplantation in the 1945-1965 birth cohort. (14) (15) (16) (17) An estimated 3.3% of the 1945-1965 birth cohort have the HCV antibody and account for nearly 75% of all U.S. HCV infections. (18) The availability of highly effective direct-acting antivirals for the treatment of chronic HCV will likely translate into reductions in HCV-associated HCC; however, overall trends in HCC may not necessarily peak, given the emergence of nonalcoholic steatohepatitis (NASH)-related HCC. (19) (20) (21) Cholankeril et al. (13) performed a retrospective analysis using the United (13) Overall, the percentage of new HCC diagnoses within the 1945-1965 birth cohort within Milan criteria has increased over time. Yan et al. (14) reported that only 38.7% of the 1945-1965 birth cohort were within Milan criteria at diagnosis when using SEER data recorded from 2003 to 2011. Although rates are increasing over time, it remains concerning that, even in the most recent 2013-2014 era, only 46% of patients with HCC overall were within Milan criteria at diagnosis. Effective screening and surveillance is critical to achieve early detection in HCC. (9, 22) However, HCC screening rates among at-risk patients (such as cirrhosis) are poor, with some studies reporting less than 20% of patients with cirrhosis receiving appropriate HCC surveillance. (4, 23) While the contributing factors to poor utilization of HCC surveillance are likely complex and multifactorial, suboptimal knowledge and awareness among providers and system-level barriers have been recently studied. Dalton-Fitzgerald et al. (24) conducted a web-based survey of 131 primary care providers at a large urban hospital. They reported that only 65% of providers surveyed reported annual surveillance and only 15% reported biannual surveillance for HCC in patients with cirrhosis. Many providers believed that clinical examination (45%), levels of liver enzymes (59%), or alpha-fetoprotein alone (89%) were effective screening tools for HCC. (24, 25) In a recently published prospective study, Singal et al. (26) evaluated patients with diagnosed or suspected cirrhosis and randomly (1:1:1, n = 1,800) assigned patients to groups receiving different modalities for screening reminders. One group received mailed invitations for an ultrasound screening examination; the second had mailed invitations for an ultrasound screening exam as well as patient navigation for patients who declined (including motivational interviewing and barrier assessment); and the third received standard visit-based screening. They found that screening rates in the mailed invitation with navigation were 47.2%, mailed invitation alone 44.5%, and usual care 24.3% (P < 0.001 for both), with screening rates not differing significantly between each of the outreach groups (P = 0.25). This study highlights the potential impact of visual reminders and system navigators to improve HCC screening, particularly among underserved safety-net populations.
While insurance-specific and race/ethnicityspecific disparities in HCC tumor stage at diagnoses have been reported, (27, 28) our current study emphasizes that these disparities persist even among the select group of 1945-1965 birth cohort patients. As mentioned above, these disparities likely reflect multifactorial barriers to effective HCC surveillance that span across providers, patients, and system-level factors. Our current observational study design is limited in establishing causation and can only demonstrate associations with HCC stage at diagnosis.
The current study uses a national population-based cancer registry that represents a large proportion of the U.S. population. The SEER registry allows for a comprehensive analysis of HCC epidemiology and outcomes. Despite this, the current study has several limitations that should be acknowledged. The SEER registry does not include etiology of HCC (e.g., chronic hepatitis B virus, chronic HCV, ALD, NASH), which may have affected rates of disease progression or rates of timely HCC screening and surveillance. Treatment data (e.g., antiviral therapies) were not available for inclusion in our study, and thus it was not possible to adjust for treatment in our analysis of HCC trends over time. Our study found significant disparities in disease severity among patients who were uninsured; however, this does not account for complex issues affecting this patient population, including access to care, language barriers, and socioeconomic needs, all of which may affect access or adherence to HCC screening and surveillance. Additionally, the SEER database groups Medicare and commercially insured patients into one category, and demographic and clinical differences between those with Medicare and commercial insurance could not be separately analyzed. Specific details about surveillance, such as whether surveillance imaging was ordered, appropriate intervals were followed, and patients attended appointments, were not available in the SEER registry, thus limiting our ability to evaluate this factor in affecting disease severity at the time of diagnosis. Furthermore, as mentioned above, the data collected in the SEER database are limited by what data are available and provided to the cancer registrars by the clinical providers and health and hospital systems within each network. Thus, there exists the possibility of potential errors in coding or data ascertainment as well as potential misclassification bias.
From 2004 to 2014, the burden of newly diagnosed HCC among the 1945-1965 birth cohort rose significantly at nearly 6% per year. However, the majority of HCC diagnosed among the 1945-1965 birth cohort was beyond Milan criteria. Despite advances in treatment of chronic hepatitis B virus and chronic HCV, the United States is still experiencing high HCC mortality rates due to the underutilization of HCC screening. More focus is needed on developing novel programs to improve HCC screening and surveillance among at-risk patients, including opportunities to incorporate health care technology to assist and improve providers' knowledge and awareness of timely implementation of HCC screening and surveillance.
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